The 92-kD form of human type IV collagenase (gelatinase) is a member of the matrix metalloproteinase family. It is restricted in its expression to the granulocytic lineage of white blood cells. Within neutrophils it resides in secondary granules, which are markers of terminal myeloid differentiation. We have isolated and sequenced the cDNA encoding the murine Counterpart to the human 92-kD metalloproteinase from a macrophage cDNA library. The human and murine genes are highly homologous and exist in an identical form in neutrophils and monocyte-macrophages in both species. Two polyadenylation signals are EUTROPHIL ONTOGENY is characterized by a N stepwise progression through a series of maturation events that are associated with stereotypic morphologic features. One of these features is the stage-specific acquisition of cytoplasmic granules. Primary (azurophilic) granules, which appear at the myeloblast stage, are vesicles that contain myeloperoxidase, defensins, elastase, and a host of other lysosomal enzymes.' Because these granules arise in a common precursor of both neutrophils and monocytes, they persist in both lineages. Secondary (specific) granules are formed at the myelocyte stage, are unique to the neutrophil, and serve as a marker for terminal myeloid maturation.2 The major content proteins of the neutrophil secondary granule are transcobalamin I, lactofemn, and collagena~e.~ There is general agreement that a fourth protein, gelatinase, colocalizes to the secondary granule, although some controversy persists concerning its exact subcellular 10caIization.~ Gelatinase and collagenase are matrix metalloproteinases, a group of neutral proteinases that also includes the stromolysins and PUMP-1 .5 Members of this group are expressed in a variety of tissues and have critical roles in inflammation, growth, wound repair, and metasta~is.~,~ The metalloproteinases share certain highly conserved structural motifs. These include the zinc binding region of the catalytic domain and the so-called "cysteine-switch" region, a cysteine-containing stretch thought to be important in maintaining the enzymes in their latent zymogen form. ' Human gelatinase is found in a 72-kD form (MMP-2)9 in Submitted May 19, 1993; accepted July 26, 1993 .00/0 present in the murine 3 untranslated sequence, accounting for equal expression of two messenger RNAs. We have shown that expression of gelatinase mRNA is controlled in a coordinate fashion together with lactoferrin, also a component of neutrophil secondary granules, and that this control occurs at the level of transcription. This is the first definitive demonstration of coordinate transcriptional regulation of secondary granule protein gene expression, a feature of normal myelopoiesis that is deranged in leukemogenesis.
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skin fibroblasts,'" hepatic lipocytes," and H-ras transformed bronchial epithelial cells,12 and in a different but highly homologous 92-kD form (MMP-9)9 with identical substrate affinityL3 in ne~trophils'~ and macrophage^,'^ induced U937 monocytic leukemia cells,'3 induced H1080 fibrosarcoma cells,I6 SV40-transformed lung fibroblast^,'^ and cultured keratin~ctyes.'~ It cleaves type IV collagen into 1 of 4 amino terminal and 3 of 4 carboxyl terminal fragments." Its substrates also include fibronectin, types V and VI1 collagen, as well as denatured collagen (gelatin). 6 The colocalization and stage-specific appearance of secondary granule proteins in association with new mRNA synthesis suggest that their expression may be coordinately regulated. To test this hypothesis, we have used the 32D C 13 subclone of the murine multipotential hematopoietic progenitor cell line 32D. The 32D C13 cells are interleukin-3 (IL-3) dependent in culture and undergo apparently normal maturation to neutrophils on exposure to granulocyte colony-stimulating factor (G-CSF)." We have cloned the murine counterpart to the 92-kD neutrophil gelatinase gene and analyzed its expression in parallel to that of the mouse lactoferrin gene in maturing 32D C 13 cells.
MATERIALS AND METHODS

Cells and cell culture. 32D C13 cells (kindly provided by Dr
Giovanni Rovera, Wistar Institute, Philadelphia, PA) were grown in complete (1% L-glutamine, 1% Pen-Strep) Iscoves's modified Dulbecco's medium (IMDM) supplemented with 10% fetal calf serum (FCS) and 10% WEHI-conditioned medium as a source of IL-3.I9 Cells were maintained at 37°C in a 5% C 0 2 incubator.
For induction, 32D C13 cells were washed twice in phosphate buffered saline (PBS), then resuspended in complete IMDM with 10% FCS and 3 x IO3 U/mLG-CSF (Neupogen; Amgen Inc, Thousand Oaks, CA). The progress of maturation was monitored by examining 3 X IO3 cells each day by light microscopy after cytocentrifugation and Wright-Giemsa staining. Total RNA was prepared by the guanidinium isothiocyanate/CsCl method of Chirgwin et alZ0 from 32D CI 3 cells after G-CSF induction for 0 to 9 days. cDNA was synthesized using oligo dT and AMV reverse transcriptase (Boehringer Mannheim) and used as a template for polymerase chain reaction (PCR). A degenerate sense oligonucleotide primer [CC (ACT) (CA) G (AGC) T G (TC) GGN G T (CGT) CC] was designed based on highly conserved peptide sequence within the cysteine switch region of human fibroblast and 
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. , primers based on conserved amino acid residues lying between the zinc binding and cysteine switch regions. The PCR methodology was similar in the second round, apart from annealing at 55°C for 2 minutes, elongating at 72°C for 3 minutes, and denaturing at 94°C for 1.5 minutes. A 630-bp product of the PCR reaction was ligated into the Bluescript (Stratagene, La Jolla, CA) plasmid vector and sequenced. The subcloned PCR fragment was labeled with "PdCTP (Amersham, Arlington Heights, IL) by nick translation and used as a probe to screen a bacteriophage lambda cDNA library prepared from P388D 1 (mouse macrophage-like) cells'' (library kindly provided by Dr Ira Mellman, Yale University, New Haven, CT). Phage were plated at a density of 5 X IO4 pfu/plate using Y 1088 host cells. Duplicate nitrocellulose filters (Schleicher and Schuell, Keene, NH) were lifted and hybridized to the probe at 42°C in 50% formamide overnight. Eighteen plaques were purified by secondary and tertiary screening and several were sequenced on both strands by the dideoxy m~thod.'~ A full-length clone was subcloned into the EcoRI site of the PGEM-7Zf(+) plasmid vector (Promega, Madison, WI) for use in subsequent experiments. Northern analysis. Ten micrograms of total RNA from 32D C 13 cells on days 0 to 9 of G-CSF induction was separated on a 0.9% agarose/formaldehyde denaturing gel and transferred to a nitrocellulose membrane. Equal loading of the lanes was confirmed by ethidium bromide staining. The blot was probed sequentially A comparison with other available metalloproteinase peptide sequences reveals 35% similarity to the human 72-kD gelatinase and 589'0, 56%, 65%, and 42% similarity to mouse interstitial coIlagenase,2' metaIIoeIastase,2' interstitial gelatinase,*' and stromelysin-1 ,M respectively.
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The 630-bp PCR product derived from 32D C13 cell cDNA was identical to the corresponding region of the cDNA clone isolated from the P388Dl cDNA library, confirming identity of the gelatinase expressed in neutrophils and monocyte-macrophages.
Northern blot analysis shows that gelatinase mRNA appears on day 3 and is maximal by day 5 of G-CSF induction (Fig 3) . Two transcripts of roughly equivalent signal intensity represent essentially equal use of the alternate polyadenylation signals. A separate Northern blot (data not shown) probed with a mouse gelatinase fragment containing sequence 3' of the first polyadenylation signal hybridized only to the band of higher molecular mass.
Subsequent probing with a mouse lactofemn fragment showed a similar pattern of induction. However, there is a quantitative difference in mRNA present during the early days of induction. Lactofemn expression is already near maximal on day 3, the first day the message is detectible; whereas HNG expression rises slowly from days 3 to 5. Murine c-myc expression did not change throughout the induction.
Nuclear run-on. Transcriptional activity of the secondary granule protein genes was studied through 4 days of G-CSF induction because Northern analysis suggested that the most important changes in the rates of transcription occur within this time frame. New MLF and MNG transcripts increased severalfold compared with actin by day 3 of induction ( Fig 4A) . Their appearance began in a coordinate fashion on day 1. In a separate experiment (Fig 4B) , MPO transcription was detectable in uninduced cells and reached a plateau of expression by day I. GATA-1 and cmyc transcription did not change significantly throughout the induction, as compared with actin, which served as a positive control. There was no detectable signal hybridizing to Bluescript, the negative control.
DISCUSSION
We report the isolation of a full-length cDNA clone for the murine 92-kD neutrophil gelatinase. The gene is highly homologous to its human counterpart. Conservation of sequence is particularly striking at and near the critical zinc binding and cysteine switch regions. As in the human, the murine gene is identical in neutrophils and macrophages. The human gene apparently does not include the second polyadenylation signal seen in our murine clone. Although polyadenylation is known to be important in maintaining RNA expression. RNA stability and translatability3' as well as signalling transcription termination?2 the significance of the two sites in this gene is unknown.
While this manuscript was in preparation, a cDNA sequence was reported for a 105-kD gelatinase expressed in a murine squamous carcinoma Our clone is very similar, although we report an additional 20 bp from the 4' untranslated region. There are three polymorphisms within the coding sequence that do not affect the translation. An additional substitution (A for C) places a histidine residue at position 712, where we report a proline. Also, there are 3 discrepancies in the 3' untranslated region. Finally, the 5' untranslated regions are entirely dissimilar. The basis for this finding will require further study. The G-CSF-induced 32D CI 3 cell line offers perhaps the most authentic in vitro model available for normal myeloid hematopoiesis. Using this system, we provide the first demonstration of the synchronous appearance of two secondary granule protein mRNAs. Nuclear run-off analysis confirmed that this coordinate expression is controlled at the level of transcription. Interestingly, differentiation of these cells was not accompanied by the decrease in c-myc expression seen with maturation induction in other hematopoietic cell line^.*^'^ Although no in vitro cell system may be assumed to perfectly replicate the maturation program of normal cells in vivo, this pattern of expression supports the hypothesis that the stage-specific appearance of secondary granules and their content proteins during myeloid maturation is regulated at the level of transcription.
The observation that GATA-1 transcription remained constant throughout differentiation in these experiments is consistent with prior data showing steady state GATA-I mRNA and protein levels at all stages of development in 32D cells. 25 The regulation of this transcription factor is noteworthy because GATA-I recognition sequences are present in the promoter regions of all four human secondary granule protein genes.3s37
Neutrophils begin to synthesize and sequester the secondary granule content proteins at a specific stage of develop ment. Patients with a rare inherited defect (specific granule deficiency [SGD]) produce neutrophils lacking both RNA and protein for all four secondary granule constituent^.^^ Similarly, the myeloid leukemic cell lines NB4 and HL60 do not express secondary granule proteins at baseline or upon induction to the myeloid phenotype.' The coordinate transcriptional regulation of secondary granule proteins demonstrated here, the coordinate reduction of secondary granule protein and mRNA content seen in SGD patients, and the similar defect seen in leukemic cell lines suggest that transacting elements operate in tandem to regulate these genes. Understanding these mechanisms may provide important insight both into the normal divergence ofthe granulocyte and monocyte pathways as well as into the arrest of development seen in human hematologic malignancies.
